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Abstract 
Task trainer simulators are often used in medical programs for bachelor’s degree students when teaching 
procedural skills. They provide the opportunity to practice dangerous maneuvers that students are not ready 
to perform on real patients yet. The rise of technology has vastly expanded the availability of these devices for 
use in teaching. To develop a protocol that would account for the complexities of psychomotor learning, based 
on student progress, and improve training quality, we designed a protocol for the bachelor’s degree program 
in dentistry. We justify the key elements of the proposal and explain the full working protocol. 
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Introduction 
Procedural skills training develops students’ visual, manual, and sensory memory. These activities promote 
patient safety when linked to a task simulator, allowing students to train without harming the patient (Foley & 
Smilansky, 1980). In medical education, skills training involves performing a repetitive action in a controlled, 
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goal-oriented environment (Darzi et al., 1999). If these learning processes are not properly managed by 
instructors, achieving a skill may be delayed or acquiring expertise may be hindered (Stefanidis et al., 2017).  
Many instructors accumulate knowledge and experience by working in a clinical environment for several 
years. They are not familiar, however, with the methodological approaches needed to convey their personal 
experiences. These methodological approaches include adequate feedback and monitoring each student’s 
progress (Cooper & Taqueti, 2008; Harrow, 1972; Lenchus, 2010).   
The proliferation of different devices in the high-fidelity task simulator market has changed the way we train. 
The new designs enhance the “wow effect”; prices are becoming more competitive, and the availability of 
spare parts extends the useful life of the simulators (Stefanidis et al., 2017). Moreover, the boom of digital 
worlds and extended realities make this alternative increasingly applicable. However, it is often mistakenly 
believed that acquiring a simulator automatically leads to better learning. 
We should not forget that training is not merely the completion of purely manual exercises (Gallagher et al., 
2005; Singer, 1972). Using this idea as a basis, we designed a protocol for conducting training workshops that 
develop complex psychomotor skills. 
Review of Didactic Theories on Psychomotor Learning  
Over the years, different teaching theories have been published on psychomotor learning, all of which look for 
the best learning outcome. According to Fitts and Posner (1967), the first phase of motor learning corresponds 
to a cognitive stage. During this phase, students face an excess of unknown tasks that they need to assimilate. 
Therefore, they must create their own performance patterns, supported by instructor guidance and feedback, 
and learn by trial and error. This cognitive stage gives way to the association phase. During the association 
phase, students perfect the execution of tasks and improve synchronization and automation. They become 
better at detecting their own mistakes and no longer rely as much on instructor indications (Fitts & Posner, 
1967). When explained in this way, it seems simple and fast. However, the transition to autonomy, a stage 
where cognitive effort is minimal (Schmidt et al., 2018), is a complex process that is often delayed and 
undermined. Instructors may not have the knowledge to understand and attend to student progress.   
Burch (1970) described several stages of motor learning. The first one is an unconscious stage of 
incompetence, in which students do not realize they do not know how to do it. In the following stages, 
students become aware of their incompetence. Later, they acquire competence, although they require great 
concentration to act. In the final stage, they achieve an unconscious competence in which they assimilate the 
skills and perform them naturally and with ease. 
Dave (1970) established five phases for the acquisition of advanced psychomotor skills: imitation, 
manipulation, precision, articulation, and naturalization. He proposed phase-specific psychomotor goals. His 
model is easily applicable in fine psychomotor skills training. In modern medical schools, however, traditional 
models applied to the training of these fine psychomotor skills are often associated with another, simpler, 
two-stage method. In it, the instructor briefly explains and executes the activity, and then the student 
reproduces it. 
Another model often used in the revised academic fields is the four-stage alternative model described by 
Peyton (1998). The four stages include demonstration without comments from the instructor, breaking down 
the skill into stages or steps, comprehension of the skill acquired by describing the steps, and finally, 
execution by the student. Simultaneously, instructors can provide real-time feedback (Lorenzo & Porras-
Gallo, 2016). 
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Ericsson (2004) put forth the deliberate practice model with four components of setting concrete goals, 
repetition, feedback from instructors, and training in a motivating environment. He raised the need for an 
average of 10 years of training, or 10,000 hours, for the transition from apprentice to expert. According to his 
theory, stage deconstruction and routine would turn apprentices into experts, regardless of their personal 
variability. The scientific community focused its criticisms on this automated approach, claiming that 
Ericsson neglected the intrinsic characteristics of apprentices. Few noticed, however, that the emotional 
component—the presence of a motivating environment Ericsson introduced into its formula—was perhaps the 
most progressive element of teaching customization in a long time.  
Designing and Validating the Training Protocol for Procedural Skills 
To design the protocol, we carried out a systematic search focused on psychomotor domain, procedure 
training, and task training. This search was carried out to identify good practices and taxonomies and theories 
of psychomotor learning and to link them to learning strategies based on clinical simulation. The inclusion 
criteria for the articles and taxonomies examined included experiences that had more than 10 years of 
application and more than 100 citations with a high impact factor.  
After analyzing didactic and practical theories that had the greatest impact on learning fine and gross 
psychomotor skills, we selected the most favorable elements of each. The three main methodological phases of 
the protocol presented in this article were then defined:   
1. Briefing: This involves collecting information about the task to be performed. This can be done 
several days or weeks in advance or immediately before the task.  
2. Skill Development: During this phase, trainees execute a skill using a simulator.   
3. Feeds: Feeds provide information about the gap between the students’ expected level and actual level. 
It aims to take students out of their comfort zone and encourage performing more complex actions.  
For a more detailed application of this third phase, it was considered necessary to include three types of 
support:  
1. Real-time feedback: This is the professor’s information about the gap between what the students have 
done and what should be done, according to a reference model previously established by the teaching 
team. This feedback indicates an evaluation of both the final product and the process carried out. 
2. Feedforward: This indicates what the students should improve upon for the future. This evaluation 
and information exchange is done in pairs or small groups of students with the teacher’s guidance and 
involves an analysis for improvement. 
3. Feedwithin: Feedwithin includes the “tricks,” tips, or skills discovered by the students themselves. 
The students discover and share these actions, and this can be encouraged by the teacher throughout 
the activity and at the end of the activity.  
In addition to considering the different models of motor learning and student progress, the protocol followed 
the principles of technological integration of modern simulators using the TPACK (Technological Pedagogical 
Content Knowledge) method developed by Harris and Hofer (2009) and simulation-based learning (Motola et 
al., 2013). 
The protocol was then applied in skill workshops at the university between September 2016 and November 
2019. Implementation occurred during complex procedure training in the undergraduate dentistry curriculum 
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in the subjects of pediatric dentistry, restorative dentistry, biomaterials, and prosthetics (Coro-Montanet et 
al., 2017). The instructors, comprising 14 teachers with more than 5 years of teaching experience each, were 
present at all times.   
A total of 2,967 cavity preparation exercises were performed on virtual teeth with Simodont® dental training 
simulators (Figure 1). The Simodont dental simulator is a state-of-the-art technological simulator. It combines 
three interfaces: a haptic field, a 2D touch screen, and a 3D dental model viewer for training gross and fine 
motor skills (Murbay et al., 2020; Zafar et al., 2020).   
Figure 1: Preclinical Education Procedures for Virtual Tooth Drilling with Simodont®  
Description of the Training Protocol for Procedural kills 
The protocol consists of three general parts: preworkshop briefing, skill development (learning by doing), and 
evaluation. The protocol begins with a pre-exercise briefing that includes two modalities—prior briefing and 
immediate briefing. When it comes to complex tasks that involve surpassing various difficulties to achieve 
goals, complex simulators, or environments with advanced technology, the prior briefing is done days or 
weeks in advance. A pretest is also included during which the students show whether they have acquired the 
necessary knowledge to carry out the activity. For simple exercises with low cognitive load, prior briefing may 
not be necessary. Students would begin directly with the immediate briefing for the skill. It provides enough 
information to familiarize them with the environment, simulators, and content. The differentiation between 
these two types of briefings was based on the ideas of Cognitive Load Theory (Young et al., 2014). Once this 
first phase is over, students move on to immediate briefing, which takes place minutes before the exercise.  
The exercise is based on the active learning ideas reviewed in the previously selected taxonomies. The student 
performs the skill repeatedly and shows progress that the instructor can follow at all times and support with 
expert feedback. In this exercise, the instructor uses a checklist to assess student progress objectively. This 
Source: Authors 
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checklist allows the teacher to guide student learning, indicating what should be improved in that moment 
(real-time feedback) and in future exercises (feedforward). Instructors also rely on group intelligence (the 
contribution of other students’ learning) to close the loop of meaningful team learning. 
Figure 2 shows the process that this new protocol follows, starting with the briefings and ending with the 
correct execution of the skill thanks to the students’ progress. For each phase of the protocol, a teaching 
objective and strategy were established. The protocol was highly useful, as there were not many guidelines 
available to use as a basis for designing and implementing these teaching models.   
 
Figure 2: Training Model for Teaching Procedural Skills 
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Principal parts of the protocol 
 
Prior briefing. Prior briefing established the theoretical and psychomotor pattern for the skill. Its purpose 
was to describe how to perform the skill and how to handle the task trainer and the environment (classroom 
or laboratory). This was achieved through the use of audiovisual and graphic resources. Briefings were 
designed around the idea that raising the level of students’ prior knowledge would decrease cognitive effort 
during the exercise (Clapper & Kardong-Edgren, 2012; Gallagher et al., 2005; Leigh & Steuben, 2018). 
Providing cognitive elements in advance encourages students to accept more ambitious psychomotor 
challenges later during the exercise (George et al., 2019). Prior briefing helps the students gain motivation and 
create skill models before performing the task. When the skill is complex or the students have limited 
experience, this instruction is especially helpful.  
The lack of documentation or specific literature on how to perform the skill demonstration was evident in the 
study of traditional models on psychomotor learning. There was theoretical literature on the dental 
treatments but little detailed explanation of how to perform the skills necessary to do those treatments. In the 
simulations, we eliminated this gap by including documents prepared by instructors and experts with precise 
instructions on what students needed to achieve in terms of psychomotor skills and how to perform the 
simulation. The materials gave an in-depth explanation of the steps to follow and the purpose of each one.   
It should be noted that, for very complex skill development, providing prior documentation might be 
insufficient. In such cases, it is recommended that students have prior exposure to the simulators so that they 
can become familiar with the environment before performing the activity.  
Pretest. A pretest was determined to be necessary. Students must pass the pretest to access the skill 
development workshop. If students do not have a minimum knowledge, their individual practice is wasted 
and, in addition, it usually negatively influences the performance of the group when the exercise is done in 
groups or couples (Anton et al., 2016). Students who did not pass the pretest would go on to do a different 
activity. Likewise, a rule was established that those students should undergo a new evaluation until they could 
demonstrate that their cognitive level was sufficient to perform the task and work with a complex simulator.  
This pretest serves as a way to measure students’ knowledge deficit, which is also a psychomotor deficit; it 
serves as the students’ first form of feedback. When a significant number of students do not pass the pretest, 
this indicates the need to reformulate the briefing or include a preliminary immersive activity in the briefing 
that allows students to become familiar with simulators and environments, as is done in very complex 
workshops. 
Immediate briefing. Once pretesting is complete, the students attend the skill development workshop 
where they are given an immediate briefing. The main objective of the immediate briefing is to reinforce key 
concepts, both theoretical and psychomotor, in the workshop. To do this, we also use graphic and audiovisual 
resources that are complemented with an in situ demonstration by the instructor or with a prerecorded 
demonstration with comments.   
In skill development workshops with more complex learning goals, the instructor performs a prior 
demonstration of the skill at different speeds as part of the immediate briefing; sometimes the instruction is 
verbal and sometimes students are encouraged to provide their own feedback. Emphasis is placed on the most 
critical aspects of the skill, which are those core concepts and actions the students should know and be able to 
perform.   
Skill development. Teachers always follow specific guidelines to assess student progress at different phases 
of autonomous skill development in terms of what is expected of the students in each phase and what the 
teacher should do.   
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• Imitation phase: The students develop simple imitation skills. The instructor promotes repetition of 
the exercise, offering constant feedback with very simple evaluation tools. Feedback at this stage is 
both from the final result (of the product) and from the process carried out. 
• Manipulation phase: The students begin to associate and reproduce, through repetition, the skill 
reference model. The instructor promotes learning by providing constant feedback on simple 
activities. Evaluation items will remain simple, geared toward psychomotor skills that do not include 
other activities.   
• Precision phase: The students begin to automate the skill, reproducing the reference pattern in more 
detail. The instructor encourages learning by allowing the students to integrate various skills while 
offering feedback only if it is truly necessary.  
• Articulation phase: The students perform increasingly complex skills, introducing their own 
psychomotor patterns and improving speed. At this stage, feedback is scarce and measurement tools 
should be more rigorous.  
• Naturalization phase: The students perform complex skills with precision and expertise while 
developing their own psychomotor model. At this stage, the instructor will only provide product 
feedback (at the end of the process) using measurement tools with rigorous criteria.  
• Evaluation phase: The instructor will use feedforward and feedwithin to encourage discussions 
among the students and their group. Through a constructive conversation that includes 
improvements for the next activity, the instructor will encourage formative and summary evaluation.  
Evaluation. The most used measurement tool in this protocol was the checklist, which some authors elevate 
to the category of structured protocols (Lorenzo & Porras-Gallo, 2016). Checklists are true cognitive aids for 
students as well as assessment references for instructors (Clapper & Kardong-Edgren, 2012). An exhaustive 
checklist should describe the objectives for the different phases of the student progression found at the skill 
development (Ramaprasad, 1983). Elements or descriptors break down the activities to be performed and 
must be sorted according to the execution sequence. The degree of specificity and depth of each descriptor will 
depend on the objectives and progress of the students. The more the students progress, the more detailed and 
demanding the items can be (Fann et al., 2012).  
For the information provided by the instructor to be complete, there must be input, processing, and output 
feedback. All feedback must be adapted to a quantitative measurement (Ramaprasad, 1979). It is not about 
turning qualitative opinion into a quantitative parameter, however; this can lead to a serious failure of 
communication between the students and the instructor (Jensen et al., 2012; Shute, 2008).   
Neither reproach nor praise constitutes feedback. Training is complete when the information provided by the 
instructor is used by students to reduce their learning deficit (Bogart, 1980; Reiley et al., 2011). That is, only 
when students have honed their learning awareness will the information provided by the teacher become 
feedback and stop being mere commentary. 
The most recent research suggests that group feedback and debriefing strategies are the key final element in 
the cycle of meaningful information communication (Basso & Belardinelli, 2006; Rae & Cochrane, 2008; 
García-San Pedro, 2012). As such, all skill development workshops should conclude with educational 
reflections that include teacher assessment, peer assessment, and self-assessment (in Spanish, 
heteroevaluación), which allow the students to see the progression of their skills as well as develop an action 
plan based on the changes and improvements they may need to make.  
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We agree with Bogart (1980) on the need to consider the use of alternative mechanisms to feedback not 
exclusive to the instructor, such as feedforward and feedwithin. Feedforward is the prospective judgment in 
which the instructor continues to play a leading role, while feedwithin comes from the group intelligence that 
provides strategies, actions, and tricks discovered by the students themselves. Both feedforward and 
feedwithin may reveal important aspects of the group learning processes from which instructors themselves 
can benefit. Qualitative evaluation will be better suited for students who show less progress, whereas 
quantitative assessment will be better suited for rapidly progressing students. Table 1 summarizes the 
objectives and teaching strategies at each phase of the protocol for procedural skills. 
Linking Stages of Psychomotor Development With Individual Student Progress  
One of the major drawbacks of implementing any learning protocol is not being able to adapt it to the 
individual learning speed of each student. Therefore, this protocol focuses both on identifying the learning 
process of each individual and guiding the students through their formative journey. 
In Dave’s early stages (1970) of imitation, manipulation, and precision, proposing overly complex tasks is not 
suitable for inexperienced students, as they will not be able to assimilate them. Ericsson’s principle of 
repetition (Ericsson, 2004) becomes relevant in these early stages. Performing tasks will take longer, so the 
student should not rush. Speed here is not necessary. And if several days of training are needed, they must be 
taken into account and scheduled.  
In the articulation phase, students can now combine two or more skills and create their own execution models 
because they will feel cognitively freer and have more flexibility to create. In the naturalization phase, 
students perform consistently and with ease while perfecting their own model. They can integrate multiple 
tasks and may be asked to perform them in a shorter period to increase their speed (Arora et al., 2011). 
Complex learning goals, which are complex tasks in and of themselves or tasks undertaken by students with 
little or no learning experience, must be deconstructed or broken down into phases. This will allow for fewer 
and simpler training objectives (Ericsson, 2004) while creating as many new performance phases as needed. 
It is crucial that the instructor does not forget that the pace of student automation varies depending on 
individual skills. Because of this variation, it is difficult to accurately establish how many repetitions or how 
long it takes to achieve automation for individual skills (Bonrath et al., 2015; Gallagher et al., 2005).   
This protocol is limited in that it was implemented in skill workshops with haptic and three-dimensional 
simulators that, due to large digital display, allow instructors to more easily supervise students and be more 
aware of their progress. It is important, therefore, to apply it to larger samples and traditional exercises to 
multiply their benefits and implement possible improvements. 
Conclusions 
Training in simulator-based procedural techniques has become more common in medical degrees thanks to 
technological developments. It is necessary to create teaching protocols that allow instructors to be attentive 
to the students’ initial cognitive status and subsequent progress and to guide them throughout their training 
and learning process. Instructors rely on various evaluation strategies to avoid leaving students to their own 
devices during the automation process of complex tasks. This is of the utmost importance because it enables 
students to treat future patients without causing them harm. 
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Table 1: Objectives and Teaching Strategies at Each Phase of the Protocol of Procedural Skills 
Protocol phase Purpose/goal Teaching strategies 
Prior briefing  
(days or weeks 
before the 
activity) 
1. Present the theoretical basis of a skill reference 
model, agreed by the teaching team. This must be 
mentally assimilated by the students prior to 
practical execution.  
2. Help students have clear and solid understanding 
of the procedure to be performed. 
• Prior information will be provided in the appropriate 
formats and media (texts, infographics, videos). This 
documentation will show the theoretical approach to the 
skill. 
• Pretest will be conducted to determine the students’ level 
of knowledge and what motivates them to study.  
• If theoretical strategies are not sufficient, familiarization 





3. Show and demonstrate the skill reference model.  
4. Try to help students assimilate the skill reference 
model.  
5. Try to help students understand in what areas 
they are still lacking.  
6. Report on workshop organization. 
• An in situ demonstration of the procedure will take place. 
Graphic, audiovisual, or digital tools can be used to provide 
students with the best possible demonstration on the 
reference pattern of the skill.   
• The different execution speeds will be handled during the 
demonstration. 
• A combination of exercises (by the instructor, by students) 
with or without comments may be performed.   
• The key concept for motor execution of the skill will be 
verbally emphasized. 
• The number of students per session and per instructor will 
be specified. 
• Previously tested run-times will be assigned. 
• The phase order and rotation cycle will be specified. 
Skill development 
in the imitation 
phase 
7. Encourage students’ performance of simple skills.  
8. Encourage students’ imitation of the skill 
reference model.  
9. Promote repetition. 
• The use of feedback is introduced on a consistent and 
continuous basis. 
• Checklists will be used with items that verify simple, 





10. Verify that the students have entered the 
cognitive/motor association phase and recognize 
what they are learning to do (conscious expertise).  
11. Encourage the students to reproduce the skill 
reference model more fluidly.  
• Process feedback will be given, adapted to progress. This 
will be consistent and continuous. 
• Checklists will be used with items sorted by execution 
sequence. Checklist items verify simple, low-detail, and 
unintegrated actions.   
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13. Encourage the students to start the automation 
phase (unconscious expertise). 
14. Encourage the students to expertly reproduce the 
skill reference model. 
• Process and product feedback will be given, adapted to 
progress. This feedback and supervision will no longer be 
constant. 
• Checklists with more detailed and demanding items will be 
used. Some simple skills can be included. 
Skill development 
in the articulation 
phase 
15. Encourage performing complex skills.   
16. Encourage the students to create their own 
psychomotor models.  
17. Promote experience and speed. 
• Process feedback will be given, adapted to progress. This 
feedback and supervision will no longer be constant. 
• Checklists will be used where items verify performance in a 






18. Develop integration at the level of unconscious 
expertise, automation, and autonomy; students 
must know how to do it with ease.  
19. Continue to encourage the students to create their 
own models.  
20. Promote excellence. 
• Product feedback will be given. This type of feedback and 
supervision does not need to be constant. 
• Checklists will be used where items verify fully integrated 
and complex actions. 
Evaluation 21. Promote the students’—and the group’s—
understanding of key concepts about their 
learning. 
22. Verify the students’ understanding of key 
concepts about their learning and progress, 
oriented toward improvement. 
• Key concepts will be shared through output feedback + 
checklists or rubrics. 
• The student/group perspective will be shared through 
feedforward. 
• Feedwithin will be used more frequently. 
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